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i Introduction

vDuring the dissolution in nitric scid of uranium metal which has

been irradiated in a pile, ~adic-iodine (8.0 day) and radio-xenon
(5.3 day) are liberated aleng with the oxides of nitrogen. Since in
the plant these gases are discharged into the atmosphere, the presence

of the activities (particularly radio-iodine because of its greater
* chemical reactivity) presenis a physiological hazard. As a consequence,
the cooling period (that is, the time between the discharge of the metal
from the pils and the dissolution of the metal in nitric acid-for the
extraction of the product) should de sufficiently long so that the
activities will have decreased through decay to the point where their:

-13

concentrations in the atmosphere will not exceed 2.5 x 10 curies/cc®

and 5§ x 10"11 curies/cc#® for radio-iodine and radioc-xenon, respectively.
Before the start of operations at HEW a study was made of the exisﬁing
information {largely from Site %) concerning the liberation of iodine
and xenon during the dissolution of the metal and the information was
summarized in a memorandum l)o 4t that time it was apparent‘that radio~-
iodine would present the greater hazard, and that very little was known
about the factors goverhing the liberation of iodine during the metal
dissolution. For this reason, an investigation of the factors involved
in the liberation of iodine during metal dissolution was undertaken in
the laboratory. R

" At the start of the investigation it appeared that the problem
could be divided in two parts: (1) evolution of iodine from the uranyl
nitrate solution, and (2) escape of the jodine past the reflux in the
dissolver column and through thé off-gas line. It was considered that
the following factors might possibly influence the evolution of iodine
from the uranyl nitrate solution: (1) concentration of iodine, (2) con-
centration of nitric acid, (3) concentration of uranyl nitrate, (4) the
ratio of the surface of the metal to the volume of the solution, and
(5) the temperature. Since the temperature is fairly definitely

*?olerance concentration for an eight hour day (cf. CE~690 and
CH~504 ) - .
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established in the plant ab 1053&1&006, and since the rate of evolution
1s.probably dependent on the ~urface tc volume ratio tc no more than first
power', the investigation was focused on the first three variables. Of
the many factors thai might possibly influence the escape of the icdine,
only the absorption of icdine in the reflux was investigated, since data
obtained by the Health lnstrument Section suggested that the reflux in
the dissolver column greatly retarded the rate ®f discharge of the iodine.

~

il Summary and Conclusions
" From the data presented in this report and discussed more fully
under the heading "Discussion", the following conclusions may. b@ﬂram
~with.respect to the discharge of iodine during the dissoluth
diated uranium metal in nitric acid: : -

incﬁeases the: rate .of evolqﬁimf,:, he
nyl. nitrate solution. By visual observatlon, the adQQQgi

b ,,iodiade& or iodate. Although the state in which: iodjmef e:&sts
nyl nitrate solution is not known, very 1ikely the iodine exisfwﬁ;j« -
complex ion, and in an oxidation state higher than I (since concentrated
HNOB oxidizes iodine to iodate). ‘ .

(4) Under simulated dissolver conditions in the laboratory the
reflux removed a large fraction (70¢ to 90%) of the iodine froagtha@off-
gases,

4’)14/0;04{9 75
A1ssolyer condenser

bl
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(5) Analyses of the nlant solutioms

extraction step indicates (a) that about]| 43%* {on the basis of a fiséion
yield of 2.8% for 8.0 day iodine) of the todine remsins in the metal
solution after the metal dissolution step, (b) that abouf

iodine remaining Is ovoived Irom the uranyl nitrate sol"tl-'

before the
extraction step, and ie) that a decontamination factor, with respect %o
i J b.J

iodine, of about &0 is cbiained in the extractlon step.

111 Discussion

A Order of the Reaction and the Reaction Rate Constant
On the assumpiion that the evolution of iodine would involve only
the concentration of icdine and nitric acid, the appropriate data

obtained in the experiments were substituted in the equation -

dI/dt = K x 1* x MN0,”, If values for "a" and "b® which resulted in a--

constant value for X could be determined, the dependency of theareaetion
involving the evolution of iodine from uranyl nitrate solutions*during

. the dissolution of metal wculd be established. For this purpoaa -the.

concentration of iodine and nitric acid during the course: o£4the&rnns

"(at various concentrations of icdine, nitric acid, and uranyl nitrate)
were p&otted in Figures 1, 2, 3, and 4. At a given time, t, the ‘concen~

tration of iodine (I), the concentration of HNO3,,and dI/dt (the slope

of the curve representing the .concentration of iodine) were substituted

in the above equatiocn. The results of this substitution, uslng values
of "a" from 1 to 3 and values of "b" from O to 1, are shown in Tables la,

1by-1lc, and 1d. An inspection of the values of K given in the tables

show that under ail the varied conditions the most constant value is
obtained when "a" equals 2, and "b" equals O, that is, the reactiohgisf-
approximately second order with respect to the concentration of iodine :»
and independent of the concentration of nitric acid.

The values of K calculated from the equation ~ dl/dt = K12 lack
accuracy becauss of the frzedom permitied by the data in the drawing of

the curve representing the concentraticn of iodine. For this reason,

#At higher concentrations cf product in the metal, and hence at
higher concentrations of iodine, the ps rcontage remaining in solution

~

should be less.
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after éstablishing that the reacticn was most likely a second order
reaction, the reasction rate constant was determined by plotting the
reciprocal of the concentration of iodine with respect to the reaction
time*. The straight lines obtained as a result of this plot are also
shown in Figures 1, 2, 3, and 4. The average reaction rate constant
determined from the slopes of the straight lines is 0.05 1/mg/min.

The ratio of the surface of the metal to the volume of the-nitric
acid solution was approxnmately 0. 1cm? per ml, in the experiments ‘from
which the above reaction constant was obtained.’ Approximatelyithe*same7
surface to volume ratio exists in the plant-when. h80 gale:
acid (usual charge) is added to three tons of metal, without ap
ing metal heel. Although time did not permit the study of thes
of the surface to volume ratio on the reaction rate cohstant ‘iﬁ
quite probable that reactlon rate constant may vary in direct“
to the ratio. i '

B _Correlation with Plant Data

Direct correlation between the laboratory: data .and- piant
difficult because the concentration of iodine in the. dissolvef 8ol
during the course of dlssolution of the metal is not known.. lhu

; ?w7;%dur1ng the eourse of dissolution. otﬁthe‘metal

and i; ant data is. obtained.

¥IT = dI/dt K12, then f-a1/12 = kS dt. Since: the.s -dI/L
and the /dt = t, 1/I =Kt + 1/I_. Hence, the plot 1/I vs. '
straight line, with the slope.of the line. representing K.

pr

##During the dissolution of the metal a given amount of “{od
evolved. The "effective reaction time" is defined as the time required -
for the evolution of that same amount of iodine, if all of the iodine~in
the metal had been initially present in the solution. e :




. Ay et -5-

Thus, in(T=5-03-B-1)the zetal had been irradiated for a total of

b4.4 megawatt days per ten'’, which would result in an iodine content
of 0.2g to 0.6g per ton¥*, The corresponding concentrations of iodine

in the dissolver solution would be 0.1lmg/l and 0.3mg/l, if none of the

iodine had evolved during the dissolution of the metal. Analysis of \*q;VO Eﬂ
the metal solution (4~7-#) in T-5-03-B-1 showed that 48% (on the basis Vﬂ({nbﬁ
of 2.8% fission yizld for 8 cay iodine®*) of the lodine remained in the 99V“ W
uranyl nitrate solution following dissolution. The curves shown in- ﬁf
Figure 5 indicate that 48% would have remained in the sclution after 51°L.ﬁ? }
about 4 hours if the initial iodine concentration had been 0.lmg/l, and W ngﬂb
after about 1 hour if the initial concentiration had been_O.Bmg/i. It

appears quite probabls that with a dissclution time of 6«9‘hoﬁrs, the - L
"effective reaction tims" would be in the order of 1-4 hours, On the 4:?
other hand, data froem the plant operation at Site XﬁB) indicate tﬁatf#_;h,, 5’40

only 5%-10% of the iodine was evolved during the dissolution;bfnthé? : ’ "m/ Y
metal. -The average exposure of the metal was about 3.2 megawéitgdg¥§;d_ri;é 5 ?:,.%3
per ton which would result in an iocdine content o.o;g/ton to 0.03g/ton, d)’ TN
depending upon the fission yield used. In turn, on the SS_SAOfrn&f”ﬁ; B fﬁp}\‘éeﬂ

99

#According to the project handbook (CL-697, Chap., 1II, Part D, I)
the combined fission yield of 1127 (stable) and I129 (long lived):is:
0.59%; however, this value is probably low and according to smoothed
fission yield curves the yield shculd be about 1.6%. (Although 8.0 day
iodine has a greater fission yield (cga. 2.8%), under normal process con—
ditions, because of decay, the 8.0 day iodine represents only a small SR
fraction of the total icdine.) The iodine content is calculated fron
the total megawatt days of irradiation as follows: ST

S Ol x —Lg:aé x %—%% x 0.0059 = 0.,2g of I per ton, where—
64 .54 = megawatt days of irradiation per ton of metal,
0.91 = grans of product per megawati day,
0.88 = capture to fission ratio,
128 = average molecular weight of iodine,
239 = molecular weight of product, and )
0.0059 = combined fission yields of the long lived and
' stable iodine.

#%I% is generally recognized that the fission yield of 8.0 day .
jodine is not definitely known. The latest yield based on experimental
evidence is 2.3%, however, that value was determined without the benefit
of improved methods of iodine analysis. From smoothed fission yield
curves the yield for I131 (8.0 day) has been estimated to be from 2.7%

to 3.0%.
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iodine evolutlon, ths concentraticn of icdine in the dissolver solution
would be 0.006mg/I cnd 0,017z/1. The curves in Figure 5 indicate that,
at these concentrations of isdine, 10% of the iodine would have eveolved
(90% remaining in soluticn) in 2 hours to 8 hours, which appears tc be

a reesonable "effective reaction time" under the conditions the dissolver
operated. As a result of this correlation, it can be predicted that &t
full power level (250 megawatt days per ton, which corresponds to a con-
centration of iodine of O.k to 1.2mez/1 of solution) about 80% of the
icdine will be evolved during metal dissolution.

¢ Addition of Iocdine (either as Iodide or Iodate) During
Dissolution

In one experiment, after about 504 of the iodine which had been

added to the laboratory dissolver had evolved, sufficient inactive lodine

as potassiun iodide was added %o give a concentration of about 100mg/l

in the solution. If the evclution of iodine depended upon a second order
reaction with respect to the concentration of iodine (with a redction
rate constant of 0.05 1/mg/min) and if the added iodine quickly equili-
breted with the iodine in the solution, the addition of the iodine should

_ have resulted in the evolution of over 98% of the.iodine in the solution

within 10 minutes. However, only sbout 20% of the iodine in the solution
was evolved within 10 minutes. In a similar experiment, when an equal
amount of iodine as potassium iodate was added, only about 15% of the
jodine in the solution was evolved within 10 minutss. In both experi-
ments, however, visual evidence indicated that the added iodine was

quickly evolved. Since it has been fairiy definitely shown the evolution
of icdine from the solution is dependent upon the concentraticn of iodine
to approximately the second power, it follows that interchange between
the added iodine and the iodine in the soluticn was not quickly attained
and therefore that the iodine ingggg_solution was not_present either as

jodide or as iodate. In additionm, since laboratory experiments have

o

L

shown that concentrated nitric acid oxldlz»s iodine to 1odate, it appears
that the iodine in the uranyl nitrate solution existed in an |
/

state higher than IQ, and probably was complexed in some mﬁgger.
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D Removal of Tadine from She UfT-Go

Typical data obiainsd by the Uesalih Instrumsnis Section in the

e
1A
&

monitoring of the dissclver olf-gases arg shown n rigure 6. The dip in
the rate of discharge of lcdine has been attributed to the removal of
iodine from the off~zases by the v2flux in the packed column on the dis~
solver. That the iodine iz ramovaed by the reflux hés been shown by a
laboratory experiment in which, during the first part of dissolution .
{the concentration oi HNOB in the dissoiver solution decreased from 11.3N
to 6.2N during the oxperinment), 70% to %0% of the lodine was removed from
the off-gases. The sams fraction may not be removed in the plant since
the extent of the removal is dependent uvon the relative amounts of the
reflux end the relative efficiency of the colums. However, in the plant
a large fraction of the icdine is no douti absorbed by the reflux durlng
the stage of dissolution where vigorcus boiling occurs.

E Analysis of Plant Solutions for 8.0 Day lodine

The following solutions from the plaent run T-5-03-B-1 were analyzed
for 8.0 day iodine: 40% UNH solution without H,50 (h-?h), 1,0% UNH solu-
tion with H S0 (8—1&), 20% UNH solution after ore—reduction with
NaNO (8—1MR), extractlon waste soiution {8-3WS), and the extraction cake
solution (8~LP). The analytical method, which was shown to give greater’
than 90% interchange between the active iodine and the carrier iodine™
added, is described in the "Experimental Details" section of this report.

The results, corrected for decay to 3/5/45, indicate that the solutions

contained the following amounts of 8.0 day lodine:

Salution Activity{curies)
LW 260%

8-1M 220

e 5T 219

2=-3%. 192

-4 P 1.1

#*Activiiy in that fractien (1,3) of 4~TM solution which was proc-
essed in T=5-03-B-1.
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Tha value for 31l iz nob based on direct measuvemsnt dbubl on an i
sxtrapolation of the data obtained. Thus, analysis of the S-1M solution
on 3/15, 3/19, 3/21, and 3/27 gare values {corrected to 3/5/45) of 176 1
and 177, 161, 142, and 126 and 124 curies, respectively. These results '

indicate that the sample was losing icdine (perhaps by evolutlon), hence |

3
k]
$
€

zhe dats were exvrapolated to 3/5 and the value of 220 curies was

it ahn

chtained,

It was estimated by I. Porlmen thet tho metal (discharged after p:.le '
shuztdown on 1/18/45) disscived for the puns T-5=03-B-~1, 2, and 3 had been
i jrradiated at a rate of 1250 KW/ton/dzy for a sufficient length--of time

prior to shutdown of the pile to approach near equilibriwnggqgce
of 2.0 day iocdine. The activity of 8.0 day iodine in three:tons
a% time of dissolution (3/5/45 taken as the average date) woul
be ' L

—-2-—--2—-—3—- 2 1013 £ 0.028 - 1640 curies, where:
3.7 % 1080 x 2 *6/8 . s
1250 = KW/ton/day:
3 = number of tonss
3.1 x 1013 = i‘lssz.ens/sec /ﬁw, .
0.028 = branching ratio of 8.0 dayiocdine;
3.7 x 1010
L6 = days of decay;
8= half-life of 1od1ne in- daysa

= disintegrations/sec./curie;

the dissoliution of three tons was 3 x 260 x 100/161;0 = L,S%. |
The data also indicate that about 25% of the remaining. ... s @
evolved in@and that a decontamination factor with respectd o |

fodine of 60-70 lis obtained in the extraction step. _

: b/ whH— WAs PeNE THerE T Lote BT 577_:;»? %
"~ Dats reported in SE~PC-#8 (File No. 3-1943) indicate that: 't

of Cell 8 were contaminated by spr ay from the metal solution, however,

the iodine activity present with the other fission prod uct elemen - Tepre~

sented an enrichment. e
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4 Apparatus ang Procedure for the Detsrmination of the Order of . . j
the Reaction

A schematic drawing of the appara®us used in these experiments is

. R : ' ne
shown in Figure 7. & normel experiment was conducted as follows: Two i
Y - an - 2 - - 3 'y er
pieces of uranium retal® were placed in the flask. The transfer line c,mbﬂa;r
: ; : , ) R . R R IE4 &
and the seruthers {containing sufficient HaCH solution so that the NaOH )&H

werdd not bs deg letsd within 2 reas able leagth of time) - were attachedptw‘w
~o the flask, The nitric acid or a nitric acid-uranyl nitrate solutlon

30 ml) was added o the flassk through the inlet tube. By mean
water aspirator, air was swept through the system at a rate of

o~
W

100-200ml/min. {In order ito duplicate the reduced pressure in
dies c?ver, the zir was drewn through 15-1

perature could be maintained at 105°c, a givem amauabofi
radio-iodine™¥ was added. Befors the NalH was depleted in one'su

:ypensate for the evaporation. For ana1y81s, twor

ﬁurunyl n_trate solutlon were taken. Cne set wlt,

‘”tlon for the determinatlon of the iodine concentration«
tration.of, UNH in~the ‘solution’ (obtained by the apalysis.ef.
set of samples) and the UNH content of the samples in the secondw

#The pleces together weighed about 50 grams, and had-a- to:
of about 27 e® so that the addition of 250-300ml. of solution re
a surface to volume ratio of 0.1 cm?/ml.

#*Interchangs betwoen the active and inactive iodine was- a
oxidation with HpOs in an alkaline medium, After the Hp0p had”
plstely decomposed by heating, the solution was acidified and ade
the flask. The solutions of radio-iodine were supplied by Site X.“ .One- -
solution was concentrated HNO;, the other was slightly acid in HClo. In
order to avoid the possibility of the formation of a complex ion be B
iodine and chlorine, the radio-iodine on the latter case was: purified by
CCl, thractlon. :




(H)CN-3285

FIGURE 7
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~slnme of “ha samrles oithdrave ingo NaOH was calovlated. At the com-
pletion of a run the remaining solution in the flask was wibhdrawn for
the measurement of the volume. This volume was aluays in good agreement
with the initial volume minus ithe volume of the scmples taken.
The iodine content of the sscond sel of samples was determined by

seasuring the entire aciivity {dL@ to radis Qiodine and UNH) of the sample
;ﬁ the high pressure, liquid, zamma chamnﬂ“( ) and by correcting for the
setivity due to UNH. The conesniration of TNH in both sets of samples

Fln

- the scncenbration of EEG3 in the first sei were determined by the

Analybical Group.

Becsuse ithe accuracy of the 10d1nevdeterm1nat10n was
largely dependent upon the accuracy of the

raLe. deuermlnat OnS ., =

The resulits of the runs made under various concentratlons of nltrlc

acid, uranyl nitrate, and iodine are shown
B Absorpticn of Iodine by the Refl

In the investigation of the effect of the reflux the apparatus»was
modified to include the reflux atiachments shown

F gure 7 Samp133~ofz-_ﬁ
uranium metal were placed in the [lask and the apparatus was assembled. R

Air was swept through the system by means of a water~asp1rator, however,.wwgsﬁa'
the system was not placed undsr a ced pressure ‘as in the reaction rate

experiments.. Concentrated nitric acid a3oo ml) was added to the flask
aﬁi, after reflux had commenced, the equilibrated radio-iodine and carrier

stine (0.28mg./1 of WNO, so ) vere added. Periodically the conden~
save was drained from the well bensath bhe reflux condenser, and




similtaneously the serubber coluvlions »2ie 1haAngoe [ otcasicnally,

samples of the uvrani m the flask for
the daterminaticn of “he niitric acid ceneantration. The resulls of the

axperiment are shown in the tsble below:

Time* (min) 2 17 12 | w7 Lar oo ) 3237
Conc. of HNO, in solu- ! 11.3 {10.5| 9.8 | 8.9 | 8.1 | 7.4 (6.7 |92
tion (¥)  ~ :

Yolume of reflux {(ml.) | 7.0 lheh 1315 (8.7 1 7.2 7.2 4.2 16
Activity in reflux 1.37] 3.20} 2.051{1.32 {1.01{0.900.58|0.58
(mv/sec) ' .

Activity in scrubbers 0.651 1,401 0.49§ 0.2, 10.2110.11 0.16 0.16
(av/sec) ;

Per cent of activity 671V 701 s | 85 | e | 89 | 78| T8
in reflux# - ! %

#After the addition of the jodine.
##Per cent of the sum of the activities in the refiux and the
scrubber,

o

These results show that the reflux remocves a Large fraction of the iodine
from the off-gases. It is quite likely that the reflux ﬁould.contain a
high concentration of HNOB’ not only because of the boiling nitric acid
solution but also because of the passage of NOz, WO and air. It would be

N REFLUY . .
supposed, therefore, that the absorptlon}is due to the conversion of the

Although time éid not permit a thorough investi-

the data suggest that in the plant the

reflux, during vigorous diesolution, removes a large {raction of the

xiodine from the off-gases.
C Analytical Procsdures

1. Analytieal Procesdure for the Determinaticn of Iodine. Prelimi-

nary experiments showed ©that the concentrations of icdine ( generally
less than cne milligram per liter) involved in this investigation

would be too low for accurate analysis by conventional methods. Because

FExperiments in the laberatory showed that boiling 13N m303(6o%)
solution converted icdine {added as XI) cuantitatively to iodate. Boil~
ing 58 HNO,, on the other hand, converted only 2% of the iodine (added
as XI) to lodate within one hour, with og% being converted to 12.

v ——————

et Tumnak T HADS ne Ralo. disortse?




-7 =nis Taet racdlo-icdine wWas &ﬁpfoya a2 tracer. A gnewn amount of

Eha raélﬁwaﬁéiné {hm whe same state of the inactive

sensuremants were added in an experiment.

e concentration of fcdine In =n ciiouoh was then determined from the

rraction of the total activity in ke

e amount of acvivity inm The SoTunber wtions (usuwally HaeCH sclu~

tions) were determined by two methodss \a} acidification of an aliguob

with (NO,, addition of garrias sedvciion by bisulfite, precipi-
tation o% AgI*, transfersnce o Ll threngh 4issolution in XCN to a
watch glass, evaporation, and measurement of the activity with a Geiger-
Yuller counter, (b) direct maasurenent of sn aliquot {up to 70 ml) by
the high pressure, liquid, gamma chamser. Since the two methods gave
comparab;e results, complste interchangs netween the active iodine and
the carrier icdine must have been cobained in the precipitation
method (a). Cenerally, the latter method was employed.

when the above precipitation procedure was used for the analysis of
solutions of uranyl nitrate for iocdine, =TT atic and low results were
obtained. Work at Sites C and X show +rat the erratic and low results
were due to lack of interchange between the normal and radio~icdine atoms.
A procedure for equilibration of thc carrier iodine and the radio-iodine
has been developed by Glen&enlr&’ The procedure consisis of the oxi-

dation of the carrier and achive iodins with NaOCl in an alkaline medium

(Na, 3), acidification, reduction with bisulfite, oxidation with NaNO,
to 12, and extraction with CCL,. "hen solutions of uranyl nitrate con-

tain other activities in addition %o lodine, the above method is neces-
sary in order to obtain quantitative analysis for the radio-iodine. How-
ever, when the only activity in the soluticn is radio-iodine, the solu-
tion can also be analyzed by m=2ans of the high pressure, liquid, gamma
chamber. In that case a correction has o be made for the radiation to
the UNH. Because of the simplicity of the latter method, it was used in

all experiments involving actlvities due only to iodine and UNH.,

FPrecipitate was washed with 10N ENO, to remove any silver sulfite.

3 1‘Illllll'r




L83 A V-
2. Analysis

O lay lodine. In order %o

gsaparate the icdine fronm i prcduct gisments and in order

&

to obtain a quantitative ris ure develeped by Glendenin

{briefly describzd on precsd qulllbration of active and

into Cl, and re-extraction
A4

into bisulfite wat.r, the lodine was further wurifisd by at least two

carrier iodine was used. A

similar extracticn cy.les. Despiie this treatment the final aqueous
solution sometimes conteined oiher ac:iirity (as shown by decay measurc-
ments with the aigh pressure, 1iquid, gamma chamber) than 8.0 day iodine.
When other activity was evident, the 2mount of 8.0 day iodine present was
calculated from the rales of decay, on the assumption that the other
activity was rspresentative ¢f all the cther fission product elements.
According to Figure 16, SL-0S7 'Chzp. III, Part D, 6) the over-all rate
of decéy of fission product slemgnts oroduced in metal which has been
irradiated for 50-560 days and which has been cooled 50-60 days is about
1.7%€ per day. On that hasis, *he activiiy due to 8.0 day iodine in a
solution was calculated by the uzquation,

20/8y A = A
Xd

‘-
%.Lu‘\j" uv..?,

where 4 = period in days during which the decay of the activity was fol-
lowed, X = amount of activity due <o 2.0 day lodine after d days,

A = total activity at the start of the period, and A' = the total activ-
ity at the end of the period. That this method of correction was valid

1

within the accuracy of ties experiments I1s shown by the table below:

Analysis No. 1 2 3
Volume of aliquot (=) 0.01 0.01 0.025
Total activity at 10 AM, 3/15 {mwv/sec) 5.8 Lol2 -
Total activity at 2 P¥, 3/21 {mv/sec) | 3.92 2.54 6.20
Calculated iodine acvlvlty per .01 ml

at 2 P, 3/21 (mv/sec) 2.48 2.65 2.58

A factor (1.35 x 10° d/m/zv/sec) for the conversion of mv/sec to
d/m (and hence curies) was determined by the measurement of the activity




F -1k

in a number of Agl precipitetes containing 8.0 day iodine both with the
high pressure, ligquid, gamma chamber and with a Geiger-Muller chamber.

In the measurement with the Geiger-Muller chamber, a correction for the

absorption of the bsta particles was made, using a half-thickness of
20mg°/cn30 ' _ '

The detailed experimental data upon which this report is based is
‘contained in notebooks HEW-138-T, HEW-86-T and HEM~402-T.
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TABLE la
CALCULATICON OF CRDER OF REACTICH

{Data from Run 1256 shown in Figure 1;

H
Reacticn Time (min) 10 20 30 L0
Conc. oi lodine {mg/1) C.248 0,220 0.207 0.1%4
Conc. of HNO3 {H) 9.1 7.6 £.6 5.7
dl/ds (%) 0.00290 | o.00094 | o.o0149 | 0.00120
d1/dt 1 .
A (=) 0.0117 0.0087 0.0072 0.0062
di/dt 1/mg ; ' A
= (A, 0.CL7 0,039 0.035 0.032
2
di/av (—1—4@) 0.19 0.17 0.17 0.16
I} mn
4aI/dt 1
T HNOB (min =5 0.0013 0.0011 0.0011 0,0011
_dr/as  ( l/me 0.0052 0.0051 0.0053 0.0056
2 min x ¥
I x ENO
3
2
3‘11 at (iin - 0,021 0.022 0.025 0.028
I” x HNO3




TABLE 1b

CALCULATICN OF CRDER OF HEACTIMN

(Data {rom Run 129 shown in Figure 2)

Reaction Time (min)

Conc. of Iodine {mg/1)
Conc. of HN03 (N)

di/dt

dI/dt/1

d1/dt

1
(B8l
(1/min)

(o)
ey

(___i__.
min x N

)

10
0.260

2.52

0.00309
0.0119

0.046
0.18
0.C0L7

0.018

0.072

20
0.222
2.25

0.00257

0.0111

0.048

0.21

0.00L9

0.021

G.093

30
0.208
2.03

0.60212
0.0102

G.049
OOZA
0.0049

0.024

0.12

40
C.150
1l.83

0.00160

0.0084

C.0L4

0.23

0.00L4

0,023

0.12

50
0.176
1.63

0.00127
0.0072

0.C41

0.23

0.Co41

0.023

0.13
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TABLE 1c
L2LCULATICN OF CRDER CF REACTION

‘Zata {rom Eun 24 shown in Figure 3)

Reaction Time (min) 10 20 30 L0
Conc. of Iodins (mg/1) 0.687 9.555 0.458 0.385
Conc. of HI\.‘O3 (n) 8.30 6.85 5.60 4.55
d1/dt (%) 0.C149 0.0102 0.0084 0.0065
dL/dt 1
L (=) 0.022 0.018 0.018 0.017
gL/ (b, 0.032 0.033 0.040 0.0
n |
2 /e
di/gt (A et 0.046 0.060 0.087 0.114
I3 min :
dI/dt 1
T x Mo, == 0.0026 0.0026 0.0032 0.0037
dI/dt 1/mg
3 (=) 0.0039 0.0048 |. 0.0071 0.0097
x HNCD3
2
—dr/at (l-.-l"-‘ﬁ%) 0.0055 | o.0088 | 0.0156 | 0.025
1% x mo, WHRX
3




TARLE 1d

CALCULATION OF CRDER OF REACTION

{Data from Run 23 shown in Figure 4)

Reaction Time (min)
Conc. of Iodine {mg/l)

Conc. of HNO, (W)

mg/1

d1/dt ()
dl/dt L)

1 ‘min
d1/dt (m)

2 min

1
d1/dt (12 /mg2

13 A min /
d1/dt (—2—)
1 x HNO min x N

10 20

0.49 D.39

14.239 4.19
0.0168 | 0.0068
0.034 | 0.018
0.070 | C.045
0.143 | 0.116
0.00781 0.0043
0.016

0.325
4,00

0.0062
0.019

C.059
0618

0.048

40
0.27
3083

0.0053
0.020

0.073
0.27

0.052

50
0.22
3.65

0.0040

0.018

0.082

0.37

0.049

60
0.19
3.4

0.0030
0.016

0.083
O.44

0.047




